Chapter 1

Introduction to Supramolecular Chemistry

1.1. General Overview
This chapter is intended to describe the principles, perspectives, and recent

developments in the field of supramolecular chemistry, which has grown exponentially in

the last few decades as indicated by the large number of articles, reviews, and-hooks.
The emergence of supramolecular chemistry has had a profound effect on how efficiently
chemists prepare structures of different sizes and shapes with dimension in the range of 1
to 100 nm using spontaneous secondary interactions such as hydrogen bonding, dipole-

dipole, charge transfer, van der Waals, &ntt stacking interaction8:13 This so-called
“bottom up” approach to construct nanostructures is advantageous over the “top down”
approach such as microlithography which requires substantial effort to fabricate

microstructures and devices as the target structures are extended to the range below 100

nm2

Therefore, there is an increasing realization that the “bottom up” approach would
open a route to nanostructures that are currently inaccessible by the “top down” approach.
Thus far the development of the “bottom up” methods to create nanostructures have been

inspired primarily by Nature, which displays a wide variety of complex nanostructures

with astonishing precisiok4:15 These nanoscale structures in biological systems are
specifically put together from two or more small molecular components by means of
secondary interactions. The precision and specificity are indicative of control and
directionality displayed by secondary interactions between complementary components
in biological systems. In addition, the “bottom up” approach benefits from having
thermodynamic minima in its resulting nanostructures due to the reversible nature of
secondary interactions. Obviously, the challenge is to synthetically create nanostructures
with such precision and specificity as seen in biological systems by cleverly
incorporating complementary recognition sites in the molecular components for

secondary interactions. This challenge is only met by first understanding how molecular



self-assembly in biological systems operates to generate well-defined aggregates and then

transferring the knowledge learned from biological systems to chemical synthesis.

1.2. Self-Assembly in Nature

Naturally occurring DNA, perhaps the best known self-assembling structure in

biological systems, exists in a double helical fd®n.The two single strands are held
together by a number of hydrogen bonds, involving acidic hydrogen atoms (hydrogen
bonding donor), oxygen (hydrogen bonding acceptor), and nitrogen atoms (hydrogen
bonding acceptor) of the purine and pyrimidine bases in order to maintain the double
helical structure (Figure 1.1a). In this double helix guanine (G) forms triple hydrogen
bonds with cytosine (C) and adenine (A) forms double hydrogen bonds with thymine (T)
(Figure 1.1b). Guanine selectively interacts with cytosine because the G-C complex is
much more stable than G-T complex which would form only one hydrogen bond.
Similarly, adenine exclusively complexes with thymine because adenine would form no
hydrogen bonds with cytosine. The X-ray diffraction studies revealed that the hydrogen

bonds holding G-C and A-T complexes are about the same length @2L9R).
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Figure 1.1.a) Complementary base pairing in DNA helical structure and b) base pairing
in DNA (guanine and cytosine form triple hydrogen bonds; adenine and thymine form

double hydrogen bonddy.



Another example of well-investigated and understood biologically existing

nanostructures is the tobacco mosaic virus (TMV) (Figure442$4.18 TMV was the

first virus to be discovered (by Demitri Iwanowsky in 1892) and isolated (by Wendell
Stanley in 1935). This helical virus is a rod-shaped particle with dimensions of 300 nm
in length and 18 nm in diameter, and has a particle mass of 4/0daliéns. A total of

2130 identical protein subunits, each with 158 amino acids, surround a single strand of
RNA containing 6390 nucleotide bases to form this helical virus. First, protein subunits
(17 or 18 subunits are required) form a stable doubly docked disk subassembly (Figure
1.3a) and an RNA strand is inserted into the central hole of the disk in such a way that the
disk subassembly is transformed into two turns of a helical subassembly (Figure 1.3b).
This helical subassembly is then cooperatively added to a growing helical assembly in an
orderly arrangement at one or both ends of the helix (Figure 1.3c) and this process is
repeated until the TMV nanostructure is complete (Figure 1.3d). The low probability of
generating a defect TMV structure is attributed toitheitro assembly process. In other
words, the formation of a doubly docked disk subassembly from protein subunits is under

thermodynamic control.

Figure 1.2.Electron micrograph of the tobacco mosaic vikgs.
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Figure 1.3.Self-assembly of the tobacco mosaic virus at different sthges.

Both the a-helix and the-pleated sheet, derived from polypeptide chains

depending on chain conformations, are other remarkable examples of how self-assembly

is utilized to generate well-defined nanostructures in biological syst8niEhe a-helix

is a rod-like structure of 0.5 nm diameter. This helix is stabilized by intramolecular
hydrogen bonds involving the amide hydrogen (hydrogen bonding donor) and the
carbonyl oxygen (hydrogen bonding acceptor). Figure 1.4 indicates that the hydrogen
bonds are arranged such that the C=0 group aittheesidue is perfectly situated for the
interaction with the N-H group of the ¢ 4)th residue. As a result nearly the optimum
hydrogen bonding distance is observed for N9=#C (2.8 A). It is noteworthy that all

the N-H groups and C=0 groups in thehelix participate in hydrogen bonding. In
addition, the core of the-helix is tightly packed so that van der Waals interactions
between the atoms situated in the core also stabilize the helix. The R groups point
outward so as to avoid steric interference from the polypeptide backbone and from each

other.

Figure 1.4.Model of a helix. Hydrogen bond interactions are denoted by dottedIfes.



In contrast, theB-pleated sheet, the other polypeptide secondary structure, is
stabilized by intermolecular hydrogen bonding of N®EC between neighboring
polypeptide chains that are almost fully extended. Two types ¢#-pheated sheets are
realized, depending on the direction the neighboring polypeptide chains run. The
neighboring chains run in opposite direction in the antipargHeleated sheet (Figure

1.5a) while they run in the same direction in the pargHgleated sheet (Figure 1.5b).

(b)

Figure 1.5. Models of B-pleated sheets. Side-chains are omitted for clarity. a) The
antiparallel B-pleated sheet and b) the paral@pleated sheet. Hydrogen bonding
interactions are denoted by dotted lid&s.



1.3. Self-Assembly in Synthetic Chemistry

Over the last few decades many examples of supramolecular assemblies have
been reported involving secondary interactions of hydrogen borwhsigcking, charge
transfer, hydrophilic-hydrophobic, and chelation of metal cations. This section is devoted
to describing the recent advances in the area of supramolecular chemistry which are

divided into three different fields, namely organic, inorganic, and polymer chemistry.

1.3.1. Supramolecular organic chemistry
The two dimensional hydrogen bonded molecular network based on the secondary
interactions between cyanuric acid and melamine was first reported by Wang and his

coworkers in 1990 by resolving the crystal structure obtained from HCI solution (Figure

1.6)19 whitesides and his coworkers then successfully capitalized on this discovery by

constructing roughly a globular nanostructure from cyanuric dcidnd melamine

derivatives2.2:20,21 Their approach to the well-defined molecular globular structure is
illustrated in Figure 1.7. To overcome a large entropy penalty associated with bringing
12 molecules into one aggregate, two cyanuric acid units and three melamine units were
preorganized by covalently connecting them with rigid spacers so as to situate them in
appropriate positions for optimum hydrogen bonding interactions. The 2:3 coBiplex
was quantitatively formed in chloroforoh- It should be noted that when flexible spacers
were used the target aggregate was not observed in solution, presumably due to the

entropic cost of freezing conformational freedom in the flexible spacers.
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More recently Whitesides and his coworkers introduced a semiquantitative
method for predicting all entropic costs (translational, rotational, conformational, and
vibrational entropy) in multiparticle assembly such as their molecular self-assembling

structures based on the cyanuric acid-melamine hydrogen bonding intef&ctidhe

model molecular structures used for this study are represented in Figure 1.8. For
example, the contribution of conformational entropy for the formation of congplexs
determined by simply subtracting the free energy of assembly for cosfiiex that for
complex5. The conformational entropy f@& was estimated similarly. Although this
method is just an approximation, it is conceptually useful for evaluating entropy

contributions based on geometric shapes of multiparticle molecular assemblies.

Figure 1.8. Molecular structures of, 5, and6 and their cartoon representations using
balls, strings, and rods. Black and white balls denote melamine and cyanuric acid units,

respectively. Strings and rods denote flexible and rigid bridging units, respeédvely.

The concept of molecular recognition was extended by Rebek and his coworkers

to construct stable dimeric complexes of self-complementary bisglycoluril subunits



which show curvature along the molecules, caused by the seven membered rings on both

sides of the central benzene ring (their simplest bisglycoluril suBismishown in Figure

1.9)8,23-26 Al the hydrogen bonding sites are required to be on the same side of the
molecule (U-shape conformation) in order to dimerize by 8 hydrogen bonding
interactions. This dimeric species is remarkably stable and is capable of encapsulating
single guest molecule.g, methane and ethane, in its internal void as evidencé#i by
NMR spectroscopy. In addition, the bisglycoluril moledil@igure 1.9) can catalyze a
Diels-Alder reaction op-benzoquinone and a thiophene dioxide derivativp-xylene-

dip. The rate of the reaction was substantially accelerated in the presence of the dimeric

capsule.
i X

(0] O

Lo ST SO

Ph Ph Ph Ph

HN N— N NH
e N Tf 18
o o R =4-n-heptylphenyl

7 8

7-7 8-8
Figure 1.9.Molecular structures of and8 and the X-ray structures of the corresponding
dimers7-7 and8-8. Hydrogen bondings are denoted by dotted I#fed>

Lehn and his coworkers employed a hydrogen bonding pattern method without

the use of steric effects to enforce the outcome of the assembly to be a cyclic hexamer

and not linear counterpa®d. They cleverly designed and synthesized a pair of two-
faced molecule® and10 having two hydrogen bonding patterns to exclusively generate
the cyclic hexamer entitiekl (Figure 1.10). Vapor pressure osmometry (VPO) and gel

permeation chromatography (GPC) provided evidence for the cyclic aggregate formation.
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Figure 1.10. Structural representation of the cyclic hexanteksassembled fron® and
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Stoddart’s discovery that 4,4’-bispyridinium salts (paraquats) thread through the
cavity of bisp-phenylene-34-crown-10 (BPP34C10) to form pseudorotaxanes primarily
based on C-HO hydrogen bonding and electrostatic interaction between-#glectron-

rich hydroquinol units and-electron-deficient paraquat units stands as one landmarks of

the chemistry of complexing crown ethdf28-34 An immediate color change (from
colorless to orange) upon mixing of equimolar solutions is indicative of charge transfer
interaction. The X-ray structure of the pseudorotaxbhéormed between BPP34C10

(12) and bismethylparaqually) revealed those interactions (Figure 1.11). At room
temperature th&H NMR spectrum of equimolar solution ®2 and13 (1.0 x 10° M each

in acetoneds) revealed one set of signals, indicating that the rates of complexation and
decomplexation are slow on thed NMR time scale. This spectroscopic observation is
not too surprising since the paraquat unit experiences no difficulties penetrating through
the cavity of the crown ether. The association constant for the 1:1 coiplemas
determined to be 760 Win acetoneds at 25°C.

10
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Figure 1.11.Formation of the pseudorotaxaibetweerl2 and13.30

The pseudorotaxanes based on dienzo-24-crown-8 (DB24C8) and secondary
ammonium salts were also beautifully demonstrated by Stoddart and his coworkers.
Figure 1.12 illustrates the formation of pseudorotaxdndetween DB24C81§) and

dibenzylammonium hexafluorophosphaté6)(11,34-50  |n chloroform otherwise
insoluble16 becomes completely soluble upon addition of a stoichiometric amost of

due to the formation of the more soluble pseudorotaxane. Unlike the previous systems of
BPP34C10 and paraquats, theNMR spectrum of equimolar solution ®6 and16 (1.0

x 102 M each in acetonds at 25C) reveals three sets of signals corresponding to free
crown ether, free salt, and 1:1 complex based on the argument of slow exchange on the
'H NMR time scale. Indeed, CPK molecular modeling showed that the benzene ring of
the salt had difficulties threading through the cavity of the crown ether. As for other self-
assembling systems, the association constant was the highest in noncompetitive solvents
and was estimated to be 2.7%M™ in chloroformd at 25°C. The X-ray structure af

shows hydrogen bonding interactions between sNHind the oxygen atoms of the
ethyleneoxy units ol5. As observed for the pseudorotaxd@e testacking of one of
somewhat electron deficient benzene ringé@®éand the electron rich catechol unitldd
provides additional stabilization. This 1:1 complex was also observed in the gas phase
using the soft ionization of fast atom bombardment (FAB) mass spectrometry, which

minimizes the fragmentation of supramolecular assemblies.

11
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Loeb and his coworkers showed that the pseudorotakfrigetween a newly
designed bispyridinium salt, 1,2-bis(4,4’-dipyridinium)ethane dicati®), (and 15 has
improved stability by optimizing C-HO hydrogen bonds (Figure 1.13%.92 The X-ray
structure of the pseudorotaxane complex revealed that the complex is stabilized by eight
C-HO hydrogen bonds (only one C-® and two N-HO hydrogen bonds were
observed in the Stoddart's analdgl). The association constant estimated for
bispyridinium saltl8 and DB24C8 15) in acetonitrileds displayed almost a three-fold
increase compared to the Stoddart’s analogous system.
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Figure 1.13.Formation of the pseudorotaxah@betweenl5 and18.52
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The most recent advance in pseudorotaxane synthesis was demonstrated by

Sanders and his coworkers using bis(naphtho) crown @thand diimide21 (Figure

1.14)93,54 Donor-acceptor interactions of the neutral aromatic units facilitate stable
pseudorotaxane formati@®2. An immediate orange color was observed when equimolar
dimethylformamide (DMF) solutions of the two components were mixed, indicating
charge transfer interactions between the electron rich naphthols and the electron poor
central benzene ring of the diimide unit. Such assemblies were remarkably stable and

utilized as templates for the subsequent syntheses of neutral catenanes in good yields.
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Figure 1.14.Formation of the psuedorotaxa?2betweer20 and21.54

1.3.2. Supramolecular inorganic chemistry

Supramolecular nanostructures can be constructed efficiently from organic

ligands and metal ions as demonstrated by Sauvage and his co®8rRérsin their
pioneering work, the complexX4 formed between two 2,9-disubstituted 1,10-
phenanthroline ligand23 and copper(l) ion with tetrahedral coordination geometry
indicates that the phenolic groups of two perpendicularly coordinating ligands point away
from each other. This geometrical orientation of the functional groups favors the

formation of the corresponding catenagif Figure 1.15).

13
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Figure 1.15.Metal directed synthesis of the caten2be-0

The synthesis of a molecular knot was also made possible by the metal-ligand

coordination method in the laboratories of Sauv@y€0 The double helical compled?
formed between two bisphenanthroline liga@ésand two copper(l) ions was subject to
catenation with hexa(ethylene glycol) to yield the biscopper(l) of the knotted sy&8em (

in Figure 1.16) in 3% yield. The low yield was blamed on the flexible methylene spacer
segment which increased the entropic penalty for the formation of the molecular knot.
Indeed, when the flexible spacer was replaced with a rigid 1,3-phenylene in the
bisphenanthroline ligand, the corresponding knotted product was generated in a

remarkable 30% vyield.

14
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Figure 1.16.Metal directed synthesis of the molecular ke@#0

Fujita and his coworkers have also exploited metal coordination in the synthesis

of nanosized structures using different metals such as palladium and pl@dirffsm.
Their most recent achievement is the synthesis of a macrotricyclic nanostructure derived
from ten small molecular components. The reactions of [Pgg&D)] 29) with a
triazine-based ligan80 in an aqueous solution afforded the macrotricyclic stru@uiia

a remarkable 81% vyield. This nanocage was demonstrated to trap two molecules of 4,4'-
dimethylazobenzene in the internal void where they were shown to dimerizedis-the

conformation.

15
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Figure 1.17.Synthesis of the nanocaga 62

Capitalizing on Fuijita’s breakthrough with the metal coordination approach to

create supramolecular structures, Stang and his coworkers described the quantitative

construction of well-defined molecular squa®8s65 They have extended the concept of

metal coordination to generate many nanosized polygon structures by varying the shape

and length of organic ligand and connecting angle of ri&t&i’
Combining the methods developed by Fujita, Stang, and others, Kim and his
coworkers employed pseudorotaxane-type subunits of [Pg{¢0)] 29), cucurbituril

32, and N,N’-bis(4-pyridylmethyl)1,4-diaminobutane3®) to assemble the molecular

necklace34 in 90% vield (Figure 1.188 The X-ray structure showed that every
bispyridyl subunit was encircled by bead-like subunit of cucurbituril. The same approach
was used to efficiently synthesize a molecular necklace with longer “string” and more
“beads” threaded.

16



Figure 1.18.Synthesis of the molecular neckl&£68

1.3.3. Supramolecular polymer chemistry
Recently, Zimmerman and his coworkers introduced a self-assembly approach to
dendrimer synthesis, which guarantees structural accuracy while eliminating steps from

the conventional multistep approache. convergent, divergent and double-stage

convergenf9.70  They prepared self-complementary subunits in which a series of
Fréchet-Hawker type dendron units are covalently attached to an aromatic bridge bearing
two isophthalic acid units (the fourth generat@#His shown in Figure 1.19) and self-
assembled them into cyclic hexamers in halogenated solveits,chloroform and
methylene chloride. The fourth generation self-assembling dend&6as shown in
Figure 1.19 is disk-shaped with dimensions of 9 nm in diameter and 2 nm in thickness
and its molecular mass almost reaches 35,000 g/mol. These dendritic species were
characterized by vapor pressure osmometry (VPO), laser light scattering (LLS), and gel
permeation chromatography (GPC) due to their remarkable stability in solution. The
observed molecular weights showed good agreement with the theoretically calculated
molecular weights for the hexameric aggregates. Although qualitaiveNMR
spectroscopy indicated the aggregation of the isophthalic acid units in chlomform-

17



35 36

Figure 1.19. Synthesis of the fourth generation self-assembling dendi@®&é&mom six
units of35. The dendron wedges 86 are omitted for clarity/0

Ghadiri and his coworkers successfully applied the knowledge learned from the

[(-pleated sheet, formed by intermolecular hydrogen bonding of neighboring polypeptide

chains, to construction of a series of cyclic peptide nanot{besS. Cyclic peptides with
alternatingD andL amino acids in their cyclic chair® stack on top of one another by
N-H~O=C intermolecular hydrogen bonding to form cylindrical structid@gFigure

1.20). Transport of glucose through these nanotubes was demonstrated. The size of
internal pores of these self-assembling nanotubes are easily tuned by employing different
ring sizes of cyclic peptides. To date, cyclic peptide nanotubes with internal diameter in
the range of 0.7 to 1.3 nm have been constructed. In addition, the outside surface
properties of these nanotubes can be altered by introducing different amino acid side

chain groups, depending on their ultimate applications.

18
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Figure 1.20.Construction of nanotub&8 from cyclic peptide87.74

Gibson and his coworkers reported successful synthesis of main-chain
polypseudorotaxane4l based on poly(ester-32-crown-189 and N,N’-dialkyl-4,4'-
bipyridinium salts (paraquats}@) by taking advantage of the enthalpic driving forces of

hydrogen bonding and electrostatic interaction (Figure ¥91)/ The association
constant K, was significantly lower than the monomeric model system (60 vs. 250 M

in acetoneds at 22C) largely due to lack of preorganization of the crown ether receptors
incorporated in the polymeric system. In solution the equilibrium of threading and
dethreading was shifted right by either lowering the solution temperature or saturating the
solution with paraquat. The viscosity measurements indicated an increased
hydrodynamic volume asvn values were increased due to pseudorotaxane formation.
Solid-state samples of the polypseudorotaxanes with vanledvalues prepared by
freeze-drying technique allowed the possibility of studies on their properties. Physical
properties of the main-chain polypseudorotaxanes were shown to be tunable by adjusting
the fraction of the crown ether receptors threaded with paraquat. In general, solubility of

the polypseudorotaxanes was substantially improvednasvalues were increased

19



compared to those of the individual components. In addition, higfseewere recorded

for polypseudorotaxanes with greaten values.
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Figure 1.21.Synthesis of the main-chain polypseudorotaxéhé’

Main-chain polypseudorotaxandgl from linear polymers containing aromatic
guest units42 and a tetracationic cyclophane hd8twith two paraquat units have also

been reported by Gibson, Hodge, and others (one representative structure from Hodge’s

work is shown in Figure 1.228-81 The threading process is driven mstacking
interaction between the electron-rich aromatic units of linear polymers and the electron

deficient paraquat units of cyclophane along with charge transfer and hydrogen bonding

interactions. In the systems of Hod{the K, values were lower than those of the
model systems by a factor of up to 2, and site occupancy was limited to 50-94%,
depending upon the spacer length between guest sites in the polymer and the temperature.
The remarkable efficiencym{n =0.94) demonstrated in their systems despite potential
electrostatic repulsion experienced by the adjacent cyclophane units was made possible

by strong enthalpic forces.

20
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Figure 1.22.Synthesis of the main-chain polypseudorotaxehés

Swager and his coworkers synthesized polythiophenes and
poly(phenyleneethynylene) containing crown ether receptors that are capable of forming

side-chain polypseudorotaxanes with paraquat as sensory matérials.
Lehn and his coworkers took on a task of controlling the architecture of

nanostructures as they build up from molecular components by self-asse®bfS
Spontaneous association of two complementary homoditopic compatteats] 46, P

and U (P stand for 2,6-diaminopyridine and U stands for uracil), with derivativies of
D-, and mesetartaric acid spacer segments led to the formation of liquid crystalline

suparmolecular polymerd7 through triple hydrogen bonding as shown in Figure

1.233:87 This polymolecular entity showed entirely different thermal behavior from the
individual homoditopic molecules. Thermotropic mesophases were observed for the
mixtures (P +LU), (DP +LU), and (P +mU) from below room temperature to 220-
250°C, whereas the homoditopic molecules were crystalline solids. In order to obtain
more information on microscale structural features, electron microscopy of these
structures was performed. The mixtuké’ (+ LU) yielded right-handed helical species
(Figure 1.24a), while¥P +DU) gave left-handed helical structures (Figure 1.24b). It is

21



believed that the chirality placed in the spacer segment of the homoditopic molecules
induce their helicity on the microscopic level. The mixtur® (+ mU) did not induce
helicity (Figure 1.24c).
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Figure 1.23.Self-assembly of thermotropic liquid crystalline polyme'r's‘37

(@) (b) (€)
Figure 1.24.Electron micrographs of supramolecular polymers from the mixtuc® &)
LU, b) DP +DU, and c)mP +mu.87

Lehn and his coworkers extended this concept further by incorporating a rigid rod
spacer segment between the complementary units of homoditopic molk8wdad 49

which were subsequently mixed (1:1 ratio) to form a lyotropic liquid crystalline

polymeric structur&0 through triple hydrogen bondings (Figure 1.8837.88
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Figure 1.25.Self-assembly of lyotropic liquid crystalline polyng:87

Kato and his coworkers have investigated analogous liquid crystalline

supramolecular structures using preformed polymers that are capable of coupling with

mesogenic groups by secondary interact®t®4 As an example, poly[4-(6-
(acryloyloxy)hexyloxy)benzoic acidp(), a polyacrylate bearing carboxylic acid groups,

undergoes hydrogen bonding interaction with the pyridine unirasfs-4-alkoxy-4'-
stilbazole 62) to form novel side-chain liquid crystalline polym&8 (Figure 1.2693

The major advantage of these side-chain systems over Lehn’s linear-chain systems is that
the properties are readily tunable by simply coupling the preformed polymer with various

mesogenic groups.
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Figure 1.26.Self-assembly of side-chain liquid crystalline polyraa®3

Griffin and his coworkers have investigated on the use of tetrapyridyb4diaihd

diacid unit55 en route to supramolecular polymeric netwbéand/or ladder structures

57 by means of hydrogen bonding (Figure 1.9%)This supramolecular network and/or
ladder is thermally reversible, meaning that it behaves like polymeric materials at lower
temperatures and shows characteristics of small molecules at higher temperatures. Fibers
pulled from the melt are indicative of highly extended hydrogen bonding supramolecular

structures.
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Figure 1.27.Self-assembly of polymeric netwoB6 and ladder structurés.95

In the laboratories of Meijer, the discovery of a significantly strong hydrogen
bonding moiety based on the ureido-pyrimidone unit which is capable of dimerizing
through a quadruple hydrogen bonding prompted them to utilize this unit as the
complementary end group in supramolecular polymeric structures. The association
constantK,) for dimerization of the ureido-pyrimidone is estimated to exce&d10in
chloroform at ambient temperature. Because of strong association of the quadruple

hydrogen bonding, corresponding supramolecular polymers are expected to possess
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comparable physical properties to the conventional covalent pol{#8&t8. To date,
they have investigated two linear supramolecular polyndrsand 61 formed from
homoditopic molecules with the ureido-pyrimidone unit at both ends of hexamethylene
and poly(dimethylsiloxaneM, = 8,000 g/mol) spacerse., 58 and60, respectively, as
shown in Figure 1.28. Significant increases in solution viscosity at higher concentrations

were reported for both of the self-assembling polymers.
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Figure 1.28.Self-assembly of supramolecular polymégsand61.97,98

1.4. Conclusions
By understanding the self-assembling phenomena occurring in biological systems
(section 1.2), in the recent years chemists have made tremendous strides toward more
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efficient construction of supramolecular structures. The extensive literature reviews
described in the previous sections 1.3.1 and 1.3.2 demonstrate the feasibility of the
molecular self-assembling approaches (the “bottom up” approaches) to generate well-
defined structures and this concept has been extended to synthesize supramolecular
polymeric nanostructures of various types (section 1.3.3) for potential applications in

material science.

1.5. Goals and Outline of This Thesis

The construction of pseudorotaxane structures, particularly the ones demonstrated
by Stoddart and his coworkers, is an emerging topic of great interest due to its remarkable
efficiency and selectivity and unique geometry which ultimately allows mechanically
linked structures to be formed after successful “blocking reactions”. To the best of our
knowledge, however, little is exploited on synthesis of pseudorotaxane-based
supramolecular polymeric structures such as novel polypseudorotaxanes, linear arrays,
and dendrimers. Thus, our goal was to first understand the dynamics of pseudorotaxane
formation between monomeric crown ethers of appropriate sizes, nametypbisnyl-
32-crown-10 (BMP32C10) and DB24C8 with either 4.4"-bispyridine salt derivatives or
secondary ammonium salts. Secondly, it was to transfer the knowledge gained from the
studies of the monomeric pseudorotaxane systems to the synthesis of supramolecular
polymeric structures, which were characterized by using techniques available in polymer

chemistry, depending on the size and nature of the nanostructures.
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